Introduction: Obstructive sleep apnea (OSA) is a disorder with high prevalence in primary care. However, little research exists on screening for OSA in primary care samples.
Untreated OSA is associated with increased medical and psychiatric morbidity and increased mortality. [3] [4] [5] [6] [7] [8] [9] [10] Diagnosis of OSA requires costly and cumbersome procedures including overnight polysomnography (PSG) or portable monitoring of nocturnal respiration and oxygen saturation. [11] [12] [13] These factors make accurate identification of OSA patients in the primary care setting critically important for health risk reduction, health promotion, health care cost management, and patient care.
Numerous investigations have found patient self-report of various signs, symptoms, risk factors, and physiologic variables (eg, snoring, daytime sleepiness, obesity) as a useful method for clinical screening of OSA and prioritization of patients for PSG. 14 -18 The predictive characteristics of specific screening questionnaires and prediction models have been published and several reviews exist. 19 -21 However, existing models have 3 limitations that need to be overcome to optimize clinical identification of OSA in the primary care setting. First, with the exception of the Berlin and OSA 50 questionnaires, previous investigations have used samples recruited from sleep centers and were composed of subjects who already were prescreened and referred for evaluation of suspected sleep apnea or a general sleep complaint. 17, 18, [22] [23] [24] [25] [26] [27] [28] As noted by Maislin and colleagues, 18 because of differences in both the incidence of disease and the distribution of clinical characteristics, the predictive characteristics of diagnostic tests may vary considerably from one clinical population to another. Accordingly, we cannot assume that the utility of previously researched prediction models is maintained when applied to a primary care population.
Second, previous models, including the Berlin and OSA 50 questionnaires, are inconsistent with current knowledge regarding the epidemiology and clinical presentation of OSA. Although many previously published prediction models utilize both sex and body mass index (BMI), recent findings of Tishler and colleagues 29 suggest that sex becomes an unreliable predictor of OSA after age 50 and BMI becomes an unreliable predictor of OSA after the age of 60. In addition, a subpopulation of OSA patients with normal BMI exists. 30 Thus, use of BMI in the initial screening will bias against identification of nonobese OSA patients. Use of sex introduces a similar bias. 17, 26, [31] [32] [33] There also are clear differences in the clinical presentation and symptom reports between male and female OSA patients. For example, compared with men, women with a diagnosis of OSA or upper airway resistance syndrome are more likely to describe their main sleep problem as insomnia. 34 In a study of older adults with a presenting complaint of primary insomnia, OSA was identified with PSG in 43% of subjects despite prescreening for OSA using clinical interview. 35 Bouscoulet and colleagues 36 reported that, comparatively, men were more likely to report snoring and daytime napping whereas women were more likely to report insomnia and sedative use.
Finally, although the complaint of insomnia is a known correlate of sleep apnea, it has not been considered a valuable symptom for the clinical prediction of OSA. A recently published clinical guideline for the evaluation of OSA does not recommend insomnia symptoms as part of routine screening for OSA, but instead proposes evaluation of insomnia symptoms only as part of a comprehensive sleep evaluation.
11 Positive response to a single insomnia question as part of a review of symptoms by primary care physicians has been associated with increased probability of being identified as high risk on the Berlin questionnaire. 37 Previous prediction models failed to evaluate insomnia symptoms, found insomnia symptoms failed to provide sufficient independent predictive value, or failed to provide sufficient data to allow judgments regarding the specific contribution of insomnia symptoms to the prediction model. 14,17,18,22-26,38 -40 In an effort to overcome these limitations, we completed a study investigating the ability of various clinical variables to improve clinical identification of OSA in a primary care sample. This report presents the results of an exploratory analysis of data obtained from this study. Specific variables analyzed in this report include Insomnia Severity Index (ISI) and Epworth Sleepiness Scale (ESS) scores, age, sex, and BMI.
Methods

Procedures
One hundred patients presenting to a communitybased family medicine clinic were administered the Duke Structured Interview for Sleep Disorders (DSI). The DSI was administered by a clinician (ER) with postdoctoral training in the assessment and treatment of sleep disorders and 10 years of clinical experience. Selection of the interviewer was based on the assumption that a higher level of sleep-specific training and experience would result in more reliable conclusions derived from the DSI. Before completion of the DSI, subjects provided demographic data and completed the ESS and ISI. Subjects were provided a brochure describing the study before seeing their physician, then participation in the study was solicited by their physician at the end of their routine office visit. Recruiting physicians were instructed that all patients were eligible for participation regardless of medical or psychiatric morbidity. Physicians also were instructed that patients with and without sleep complaints were eligible for participation. Subjects were compensated with a $30 Visa gift card for participation in the study. This study was approved by the Western Institutional Review Board.
Measures
The ISI (Table 1 ) is a 5-item self-report questionnaire that evaluates insomnia symptoms and associated distress and impairment. Items are scored on a 5-point Likert scale (0 to 4), resulting in a total score of 0 to 28. An individual item response of zero indicates no symptoms, distress, or impairment whereas a response of 4 indicates severe symptoms, distress, or impairment. 41 The ISI has been found to be reliable and a valid instrument for evaluation of perceived insomnia severity. 42 The ESS is an 8-item self-report questionnaire that evaluates the subjective likelihood of dozing in common daily situations. Items are scored on a 4-point Likert scale, with 0 indicating no chance of dozing in a particular situation and 3 indicating a high chance of dozing in a particular situation. Possible scores range from 0 to 24. 43 The DSI is a structured clinical interview for the evaluation of the full spectrum of sleep disorders. It produces a positive or negative diagnostic impression for each sleep disorder. It was developed and validated to standardize the screening and selection of subjects with sleep disorders. 44 The DSI has been validated against the criterion of a sleep disorder diagnosis by clinicians using a combination of PSG plus sleep and medical history. Convergent validity of the DSI for diagnosis of OSA is moderate to high (r ϭ 0.45 to 0.50; P ϭ .001).
Data Analysis
Subject characteristics were compared between DSI classified OSA and non-OSA cases using independent samples t tests for continuous variables and 2 tests with contingency coefficients for categorical variables. Demographic variables included age, BMI, ethnicity, sex, marital status, and employment status. Symptom variables included ESS and ISI total scores. A 2-step logistic regression then was computed to determine the explanatory value of variables with statistically significant between-group differences. Logistic regression is required in this study because of the use of a categorical dependent variable (ie, OSA vs non-OSA). The Nagelkerke R 2 statistic was use to report results of the regression. 45 The regression was completed using only 97 subjects because 3 subjects failed to provide BMI data. Additional t tests were completed to examine the age and sex patterns within the ISI data and between OSA and non-OSA groups. Signs of respiratory obstruction (eg, snoring, witnessed apnea) were not included in this analysis because these symptoms typically are required to trigger suspicion for sleep apnea and our goal here is to identify factors that enhance clinical identification of OSA. Statistical analyses of demographic and symptom characteristics were completed using Statistical Package for the Social Sciences version 15 (IBM, Chicago, IL), whereas logistic regressions were completed using Statistical Package for the Social Sciences version 18. 
Results
Demographic and Symptom Characteristics
Demographic statistics are shown in Table 2 . No statistically significant between-group differences were observed for sex, ethnicity, age, or employment status. The OSA group had higher mean ISI scores of 12.0 Ϯ 6.7, compared with the non-OSA group, who scored 6.4 Ϯ 4.7 (P Ͻ .001). The OSA group also had higher ESS scores than the non-OSA group (10.9 Ϯ 4.2 vs 7.2 Ϯ 3.7; P Ͻ .001). BMI was higher in the OSA group compared with the non-OSA group (34.9 Ϯ 7.7 vs 30.2 Ϯ 6.6; P ϭ .006).
Predictive Utility of Insomnia
A 2-step logistic regression was performed, with the OSA clinical diagnosis (derived from the DSI) as the dependent variable. BMI and ESS total score were included as independent variables in step 1 and ISI total score was added as an additional independent variable in step 2. 
Analyses of Insomnia Patterns by Sex
Given previous findings regarding insomnia as an indicator of OSA in women, we analyzed the insomnia patterns by sex. Regardless of OSA diagnosis, ISI scores were higher for women compared with men (8.7 Ϯ 6.3 vs 6.4 Ϯ 4.7; P ϭ .033). They also were higher for women with OSA compared with women without OSA (13.6 Ϯ 7.4 vs 7.1 Ϯ 5.0; P ϭ .007). Among all subjects with a clinical diagnosis of OSA, ISI scores for women with OSA were higher than ISI scores for men with OSA (13.6 Ϯ 7.4 vs 9.6 Ϯ 5.0). Although revealing a strong trend, this difference did not reach statistical significance (P ϭ .06).
Analyses of Insomnia Patterns by Age (Adults Age 18 to 54 Versus Older Adults Age Ն55)
Given previous findings that older adults with OSA may present with a primary complaint of insomnia, we analyzed age-related patterns within the ISI data. In the full sample (n ϭ 45 older adults; n ϭ 55 adults), ISI scores were lower for older adults compared with adults (6.4 Ϯ 5.4 vs 8.7 Ϯ 5.9; P ϭ .047).
In the subsample of subjects with OSA (n ϭ 10 older adults; n ϭ 13 adults), ISI scores were lower for older adults compared with adults, but this difference was not significant (10.7 Ϯ 6.3 vs 13.1 Ϯ 7.1; P ϭ .414). OSA patients had higher ISI scores than non-OSA patients regardless of age category.
Discussion
Insomnia symptoms add significant independent predictive value for OSA in this primary care sample. Inquiry regarding insomnia symptoms in the routine screening for OSA in primary care may improve clinical identification of OSA. Insomnia symptoms may be most relevant for prediction of OSA among women. This suggests that more attention should be focused on the possibility of OSA in women with a presenting complaint of insomnia. ISI scores were predictive of OSA in this study. However, 2 previous studies found insomnia symptoms to be related to Apnea-Hypopnea Index or Respiratory Distress Index but concluded that insomnia symptoms did not provide sufficient independent predictive value for inclusion in the final screening model. 14, 39 We propose 3 primary explanations for this discrepancy between our findings and those of previous studies.
First, our findings of increased sensitivity and positive predictive value associated with insomnia symptoms may represent a true difference in insomnia symptoms between an unselected primary care population and a sleep center population that has been prescreened for sleep disorders. This is consistent with the single previous study of insomnia as a predictor of OSA in primary care, which found that an insomnia complaint increased the probability of classification as high risk for OSA on the Berlin questionnaire (odds ratio, 2.7; 95% CI, 1.5-4.9). 37 Given the known variation in predictive characteristics of diagnostic tests between populations, this is a probable explanation. 18 Second, sex differences in symptom presentation of OSA have been suggested as a possible cause of undiagnosed and misdiagnosed cases of OSA among women. 32 indicate women with OSA report more insomniatype symptoms than men with OSA. Consistent with these findings, ISI scores in our study differentiated men from women and women with OSA from women without OSA. Based on the above findings and the independent predictive utility of insomnia symptoms in the current study, we propose that inclusion of insomnia symptoms in the screening and evaluation of OSA may lead to less misdiagnosis of OSA in women. Third, overnight PSG is the "gold standard" for diagnosis of OSA. Therefore, the primary limitation of this study is that the criterion for classification of OSA and non-OSA subjects was use of a structured clinical interview. In the absence of PSG data we are unable to comment on the utility of insomnia symptoms to discriminate OSA and non-OSA patients based on the Apnea-Hypopnea Index or Respiratory Distress Index. This difference in diagnostic procedure may partially or fully explain the discrepancy between the current results and those of prior investigations. Accordingly, the current results need to be replicated in a future investigation using PSG to establish the diagnosis of OSA.
Concerns regarding use of a structured interview as a surrogate for PSG may partially be ameliorated by the fact that the DSI does have moderate to high convergent validity with PSG-diagnosed OSA. 44 Given the validity of the DSI, our findings of increased sensitivity and positive predictive value associated with inclusion of insomnia scores suggest that querying this symptom likely will help to identify correctly patients for PSG in a family medicine setting. The prevalence of OSA in our sample is 23%, which is consistent with the estimated true prevalence of 15% to 22% in a primary care population recently reported by Mold and colleagues. our sample increases the validity of our predictive statistics.
Three additional limitations should be noted. First, the study was not designed to select a random sample or a sample representative of the larger primary care practice. In addition, despite instructions that all patients were eligible for participation, the recruiting procedures used may have produced a sample influenced by the biases of the recruiting physician or individual patients. Second, the sample size was relatively small and there were only 23 OSA subjects. Although this limits the strength and generalizability of the current findings, the sample size is appropriate for a preliminary and exploratory study. Third, although the current results support the candidacy of insomnia symptoms for inclusion in screening for OSA in primary care, use of the ISI in primary care is unrealistic. Accordingly, further investigation is required to specify a method of inquiry regarding insomnia symptoms that improves clinical identification of OSA and can be integrated realistically into the clinical practice of primary care medicine.
Regarding the relationship between insomnia and OSA in older adults, our findings did not support insomnia as a predictor of OSA in our subsample of older adults. In fact, our results suggest that the utility of insomnia for predicting OSA is not mediated by age.
Conclusions
Insomnia symptoms provide independent predictive value for identification of OSA in a primary care sample. The function of insomnia symptoms as a predictive variable for OSA may differ according to the population being evaluated. The predictive utility of insomnia seems to be most relevant for women. Inclusion of insomnia symptoms in the screening for OSA in primary care may improve clinical prediction of OSA, although the specific method of inclusion remains to be delineated.
